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I. INTRODUCTION
At present, the decay modes of the tau lepton containing l-charged particle are not completely understood. [1] [2] [3] [4] By definition, the total branching fraction for those modes, B,, is the sum of the separate branching fractions, B,, for the individual modes containing l-charged particle such as: for r---+ u, + 7rr-+ 27r" . (14 . . i / .
As -emphasized by Gilman11~2] the sum, C B,, of present measurements of the individual branching fraction cqmbined wiih theoretical constraints on unmeasured branching fractions does not fully explain the present measured value of B1. A question raised by this problem is whether the errors, oa, given for the measured branching fractions by the experimenters are correct, whether the appearance of a discrepancy between C B, and B1 is caused by an underestimate of the size a of one or more 0,'s or of ol.
We have examined this question by comparing the given errors, ua, with the scatter of the measurements about the mean for each measurement set. We -do this .for B1 and for the Ba's of the modes in Eqs. (la)-(ld).
Normal error distributions are used. We find that on the whole the errors estimated from the scatter are equal to or smaller than the given errors, oa, according to this test.
In other words, some sets of measurements are overconsistent. By using just the statistical contribution to the measured errors, we can test in some cases whether the overconsistency is caused by overestimation of systematic errors or bias in the measurements.
As an aid to researchers in this area we present tables of the data we used.
This is all the data published in journals, cataloged preprints, or Ph. D. thesis; the authors being the experimenters themselves. We also present a comparison of the measured r lifetime, rr, with the leptonic branching fractions, B, and B,, for the decays in Eqs. (la) and (lb).
The nature of the present apparent discrepancy [3-41 between B1 and C B, is diagrammed in Table 1 . There is no discrepancy if considerations of the avarious Bi's is limited to direct measurements. This is because there are no reliable 
'where x is a charged particle. Also there are no comprehensive and sufficiently small experimental limits on unconventional l-charged particle decay modes such as r-+NO+x-,
where No is an unknown, massive, stable neutral particle.
The discrepancy appears when unconventional modes are excluded, and when -conventional theory and other data is used1 1~1 to set limits on the modes which could contribute to the event type in Eq. (2) . Then B1 is larger than C B, by about 6%.141 Table 1 demonstrates the importance of the measurementiand quoted errors on the branching fractions for Be, B,, B,, B,, and B,. This motivated our study.
II. DATA USED
We used the branching fraction data listed in Tables 2 through 5 and the lifetime data in Table 6 . We have included in the tables all data presented by the experimenters themselves in journal articles, cataloged preprints, or Ph.D. thesis unless the experimenters have stated their measurement is replaced by their own later measurement. We have not included measurements which are reported only through private communication or in reviews. These criteria permit us to work with fixed measurements and permit the reader to examine the details of experiments.
. . i / . The experiments in these sets can be equally treated in the analysis, and allow a test of the universality constraint to be made. We then apply, if necessary, the universality constraint to each experiment in Table 3 and determine a constrained branching ratio, BL. The third column of branching ratios listed in Table 3 are the results of this constraint procedure. The statistical analysis is then applied to the full set of constrained measurements. . . i / .
Note that these constraint techniques average the systematic errors for B,, BP, and B,, within a single experiment. Thus, systematic errors which are common to the B,, B,, and B,, measurements will be averaged resulting, perhaps, in an underestimate of the systematic error on BL.
IV. ANALYSIS METHOD
Consider a particular branching fraction, B, for example.
As listed in 
The relative weight of a measurement i is wi=u2/uf .
The scatter of the individual measurements, yi, from y are described by the pulls:
For Gaussian distributed errors, ui, the distribution of pulls is a normal distribution of unit width and zero mean.
. . WiYi -Y >I Pi . .
Observe that the errors ui are used in this equation i / .
but are not directly used to calculate uscat. -1) . (13) in the weighting of [yi -y12, Our interest centers on the relative sizes of u and uacat. As discussed in Sec. V, if u is significantly smaller than uscat, some of the experimenters have given a: which are too small. Then the u used in Table 1 We use the ratio r = Qscat /a 04 to measure the relative sizes of oecat and u for a set of measurements. We are particularly interested if r is significantly less than one or significantly greater than one. To determine the significance we calculate the probability, P( < r) , of finding a smaller value of r, and the converse, P(> r), of finding a larger value 
(15) -
_ Thus, the probability P(> r) is identical to the probability of having a larger x2 for N -1 degrees of freedom. Figure 1 plots the distribution of r for several values of N.
We apply this analysis method first to each full set of data. However, r can be very sensitive to a particular measurement which has a relatively large q even though that measurement has a small weight wi and little effect on y. Therefore, in each data set we select the minimum number of measurements a, b, . . . e such that Wa+Wb+...We >0.81 .
This smaller set of measurements will have a formal error no larger that l/.9 of u and will contain fewer measurements with relative large q's. We apply the same method of analysis to these smaller sets of data.
For both the full and small data sets we apply the same method of analysis using just the statistical errors. This tests the effects of systematic errors on the determination of y and u. We examine the relative importance of statistical and systematic errors in determining the formal error as follows: if ustat is the formal -.
error obtaining using only statistical errors, then we define the contribution to 
In a few measurement sets the formal error is asymmetric: a+ # u-. In that event we use the arithmetic average. There is no change in our conclusions if we used the maximum or minimum of u+, u-because in all cases their difference is -relatively small. We are about to tabulate some of the problems that can occur in a measurement set yr, y2 . . .3/i . . . from incorrect evaluation of fi's or ai(f) We emphasize two aspects of these incorrect evaluations: a) we examine whether the formal error u will be smaller or larger than the actual error on y; b) we look at the ratio r = oscat/o. If uscat is significantly less than u, that is r < 1, then the measurement set is overconsistent. If uacat is significantly greater than u, then the measure set is inconsistent. All these factors may simultaneously exist in a specific data set, and competing effects may work together to make the data set appear consistent. For example, experimenters may be tempted to increase poorly understood systematic errors if their result appears to be inconsistent with other published results. 
VI. EXAMPLE
We clarify the method and our interpretation by the example of Bl, summarized in Table 7 . We use only the higher energy measurements as described in We interpret these values of r and P(< r) to mean that q's given by the experimenters are the right size as measured by uscat.
We then analyze this data set using only o,tat,i to calculate y and u. We is dominated by systematic errors.
We now repeat the analysis using the five measurements with largest weights whose combined weight is greater than 0.81, Table 7 . For this small set we find: The small set, which contains only those experiments with the largest weight, has properties similar to the large set. Table 8 lists quantities found for each measurement set from which a reader can draw conclusions as to the quality of the set. We offer some comments as a guide. i . Comments on B1, B3: The set is dominated by the measurement from the HRS collaborationl12l which contributes half the total weight. Looking at Table 2 , the three lowest energy measurements are quite different from the formal average, but only the one from the DELCO collaboration [13] is by itself statistically inconsistent. The deviation of the low energy measurement is usually attributed to insufficient correction for background from the process e+e-+ hadrons. However we cannot rule out the existence of an energy dependent, unknown process being confused with the events used to determine B1 and B3 at either low or high energy. The average of the other low energy experiments is also inconsistent -with the formal average. In order to test the statistical properties of the precise high energy experiments, we exclude all low energy experiments from the B1 and B3 analyses in Table 8 .
As discussed in Sec. VI, Uscat is consistent with O, hence a large number of experiments agree on these relatively simple measurements and the formal average seems to be reliable.
Comment on B,, B,: As discussed in Sec. III, we first analyze the 10 unconstrained measurements of Be and the 16 unconstrained measurements of B, listed in Table 3 . The results are given in Table 8 . The measured ratio of BP/B, is BP/B, = 1.005f.034 (23) which is consistent with the expected value of .973. Systematic and statistical errors are about equal: ~~~~~ oatat = .9. When the full sets of measurements are used, the sets are consistent as defined in Sec. V. However, the small set of B, measurements tends to be overconsistent:
. . i / B,, small set : r = .47, P(< r) = 4.5% .
If only statistical errors are used, a hint of overconsistency remains:
B,, small set, ustat,+ : r = .67, P(< t) = 18.7% .
The BL data set is the largest set, and due to the universality constraint, the formal errors are much smaller than for the B, or B, measurements. Both the full set and small set tend to be overconsistent:
BL, full set : r = .73, I'(< -73) = 4.6% , B:, small set : t = .52, I=(< .52) = 6.9% .
Either the experiments may have overestimated their errors, in which case the formal error is too large, or else there may be bias in the measurements in which B,, full set : r = .21, P(< r) = 0.1% , B,, small set : r = .19, P(< 7) = 3.5% .
The overconsistency is so strong that even though the systematic errors are more than twice as large as the statistical ones, the data sets remain overconsistentwhen only statistical errors are used:
B,, full set, cratat,+ : r = .39, P(< r) = 2.0% , B,, small set, batat,+ : r = .38, P(< r) = 13.8% .
Bias clearly exists in these measurements. The formal error on the average is too small since this bias is not included in the systematic errors.
B. Combined Analysis of B,, BP, &, and BP
The three data sets Bi, B,, and B,, show evidence of overconsistency as measured by r. However, r is most sensitive to points which are furthest from the mean and can change considerably if one measurement is far from the mean.
. . Another indicator of the consistency of a data set is the distribution of pulls i I [Eq. (12) ], which should b e a normal distribution of unit width and zero mean for a data set with Gaussian errors. r is very nearly equal to the rms deviation of the pull distribution. Figure 2 shows the sum of the pull distributions for the three data sets BL, B,, and B, along with the expected distribution. Here also there is clear evidence of the overconsistency of the data sets. Figure 3 shows the same distribution for the small sets. Of the 13 measurements in the three small sets, none is more than one sigma away from the small set mean.
We quantify the overconsistency of the summed pull distribution by evaluating the rms deviation, Rx. For the full sets Rx = .636. The probability that Rc -is less than or equal to .636 for an equivalent set of experiments having Gaussian errors is .14 f .Ol%. For the small sets, Rx = .484. The probability of finding a smaller Rx is .64 f .04%.
Another method to measure the combined statistical significance of the observed overconsistency is to study the sum of the t values, Cr, for the three data sets. There is no reason to expect the overconsistency to be of the same magnitude in the three different types of measurements. For example, the ratio of systematic to statistical errors is twice as large for B, and B, as it is for Bk. The summed pull distribution will not be sensitive to a very overconsistent data set if that data set has relatively few measurements. The value of Cr for the full sets is 1.53. The probability that Cr is less than or equal to 1.53 for an equivalent set of experiments having Gaussian errors is .017 f .005%. For the small sets, Cr = 1.27. The probability of a smaller Cr is .54 f .03%.
C. Comparison of B,, BP, and rr
The analysis of the rr set of measurements, Table 9 , shows again some evi-. . dence for overestimation of some ai or biasing of some yi: i ~ . 
. .
when the e mass and all neutrino masses are set to 0. From Table 8 , the full set formal average for BL is B; = (17.96f 0.26)% .
Then from Eqs. (24) and (26) ( 26) r7(predicted) = (2.874 f 0.042) x lo-l3 s (27) compared with the full set measured value from Table 9 rr ( of bias in other measurements. Therefore, the formal error on the average of the B, measurements is too small. Since the error on the p branching ratio is the largest contribution to the error on the sum of the well measured one prong decay modes, the significance of the one prong discrepancy is reduced.
While we find evidence for bias, there is no evidence that the bias causes the discrepancy in summing the branching fractions. For example, although the BP measurements cluster too much, they may still cluster about the true value of B,. Or the true value of B, may be larger, decreasing the discrepancy; or the true value of B, may be smaller, increasing the discrepancy. We do not know the size or sign of the bias.
There is no evidence for widespread underestimation of systematic errors in the sets of measurements examined here. Hence the discrepancy should not be ignored simply by claiming that the errors should be set larger.
In summary, our examination of the branching fraction measurements has not resolved the existing problem in understanding the l-charged particle decay modes of the tau. Resolution of this discrepancy requires new information such -as measurements with greatly improved statistical and systematic precision, or explicit measurement of as yet unmeasured or poorly measured modes.
. . 'All r + T-TOY, included in r-+ P-V,.
Not included in formal average. 
- Table 7 .. Example of the calculation of statistical quantities using the topological branching fraction B1 in percent. 
